ABSTRACT. The role of birds as sources of Shiga toxin-and intimin-producing Escherichia coli was studied. Fecal samples from live gulls (n=86), pigeons (n=33) and broiler chickens (n=199) from 23 flocks were analyzed for stx and eae by PCR. No stx positive samples were detected. In contrast, eae E. coli were highly prevalent among gulls (40%), and was also found in pigeons (7%) and chickens (57% of the flocks contaminated). The eae positive isolates were analyzed genetically and O-serogrouped. One isolate from a pigeon was found to have stx 2f . The isolates of gulls differed from those of pigeons and chickens, and all eae E. coli isolates from birds differed from human pathogenic strains by the lack of EHEC-hlyA and bfp/EAF as well as distribution of O-serogroups. Thus, birds cannot be regarded as important carriers of zoonotic stx or eae E. coli in Finland. KEY WORDS: bird, eae, Escherichia coli. J. Vet. Med. Sci. 64(11): 1071-1073, 2002 Enterohemorrhagic Escherichia coli (EHEC), enteropathogenic E. coli (EPEC) and attaching and effacing E. coli (AEEC) are food-borne pathogens that can cause diarrhea in humans [8, 10, 12] . These pathogenic E. coli often possess genes for Shiga toxins (stxs) and/or for intimin outer membrane protein (eae). Escherichia coli strains with stxs are called Shiga toxin (Stx)-producing Escherichia coli (STEC). Ruminants are considered to be the main reservoir of STECs. Other domestic animals, such as goats, pigs, poultry, cats and dogs can also harbor STECs and intiminproducing E. coli [2, 3] . Recently, occurrence of STECs in wild birds was investigated [14, 15] and a new Stx2 variant was found in pigeons [14] . However, carriage of STEC or eae possessing E. coli in wild animals has not been thoroughly investigated.
Enterohemorrhagic Escherichia coli (EHEC), enteropathogenic E. coli (EPEC) and attaching and effacing E. coli (AEEC) are food-borne pathogens that can cause diarrhea in humans [8, 10, 12] . These pathogenic E. coli often possess genes for Shiga toxins (stxs) and/or for intimin outer membrane protein (eae). Escherichia coli strains with stxs are called Shiga toxin (Stx)-producing Escherichia coli (STEC). Ruminants are considered to be the main reservoir of STECs. Other domestic animals, such as goats, pigs, poultry, cats and dogs can also harbor STECs and intiminproducing E. coli [2, 3] . Recently, occurrence of STECs in wild birds was investigated [14, 15] and a new Stx2 variant was found in pigeons [14] . However, carriage of STEC or eae possessing E. coli in wild animals has not been thoroughly investigated.
Gulls and pigeons inhabit places where human beings live and migrate between waste treatment plants, harbors, marketplaces and cattle pastures, being thus important vehicles for the spread of zoonotic infections. This study was undertaken to analyze the role of wild birds (gulls and pigeons), as well as that of broiler chickens, as reservoirs of Stx-and intimin-producing E. coli. We investigated the prevalence of these E. coli by PCR, and genetically characterized various virulence genes of the isolated strains.
Escherichia coli O157:H7 strain ATCC 35150 (American Type Culture Collection, Manassas, Va) was used as a positive control for stxs, eae and intimin type γ (intimin γ). The E. coli strains 166, VR299-2 and EPEC108, used as positive control strains for intimin β, intimin ε, bundleforming pilus (bfp) and "EPEC adherence factor" (EAF) plasmid, were derived from the stock culture collection of the National Veterinary and Food Research Institute, Finland. Cloacal swabs were collected from 86 healthy gulls (Larus ridibundus n=54, and L. argentatus n=32) and 29 healthy pigeons (Culumba palumbus) between June and August 1998. A total of 115 wild birds were caught alive by net for another research purpose, and swab sampling was carried out at the same time of that investigation. Cloacal swabs from broilers were collected from 199 chickens from 23 flocks in the farms of two broiler-producing companies between October 1999 and March 2000. All swab samples were enriched in 10 ml of modified tryptone soy broth (mTSB, LAB M, Topley House, UK) at 37°C for 18 hr. Ten microliters of mTSB were inoculated onto Sorbitol-MacConkey agar (SMAC, LAB M, Topley House, UK). The SMAC was incubated at 37°C for 18 hr and a loopful of colonies from the area of confluent growth on the SMAC (mixed culture) was tested by stx-and eae-PCR [6, 13] . From PCR-positive samples we isolated stx-and eae-positive colonies by colony hybridization with stx-and eae-DNA probes [9] . Probes were prepared by labelling stx 1 , stx 2 and eae-PCR amplicons from E. coli strain ATCC 35150 using a Dig-High Prime Kit (Boehringer Mannheim, Germany). For colony hybridization, 20 to 50 typical E. coli colonies were picked from the SMAC plate. All hybridization positive isolates were confirmed as E. coli by conventional biochemical tests, and if needed, an API 20E system was employed. Up to three eae positive colonies per sample were randomly chosen and subjected to classification of intimin-types α, β, γ [1] or ε [11] by PCR. One isolate per animal or flock was selected for further study if all eae positive isolates showed the same intimin type. The selected eae positive isolates were characterized by PCR for bfp [16] , EAF-plasmid [5] , EHEC-hlyA [13] and irp that locates in the high pathogenicity island (HPI) [7] . A total of 167 Oserogroup antisera for serotyping of E. coli were purchased from the E. coli Reference Laboratory, University of Santiago de Compostela, Spain, and the determination of O-antigen group was carried out by the method described by the manufacturer.
All samples tested in this study were negative for stx by PCR. Therefore, we did not carry out colony hybridization with stx probes. In contrast to stx, the eae gene was highly prevalent in gulls of which 40% (34/86) were positive by eae-PCR. Only two pigeons out of 29 (7%) and 29 broilers out of 199 (15%) distributed among 13 flocks (57%) were positive for eae by PCR. From the eae positive samples, 15 isolates from 15 gulls, 2 isolates from 2 pigeons and 12 isolates from 9 broiler flocks were further analyzed. The isolates from both pigeons and broilers were all classified as intimin β, however, no intimin β strains were found among the gull isolates ( Table 1) . As most gull isolates (10/15, 67%) could not be intimin typed by the PCR of Adu-Bobie et al. [1] or Oswald et al. [11] , 4 of the intimin non-typeable isolates were analyzed by sequencing approximately 800 bp of the C-terminal side of the intimin gene. One isolate showed high homology with intimin α (85%) and the other 3 isolates with intimin ε (more than 95% homology) ( Table  1) . These 3 isolates could be amplified by the intimin ε-PCR [11] when the annealing temperature was reduced from 65°C to 60°C. Interestingly, none of the eae positive E. coli isolates from gulls was able to ferment lactose. However, they all were indol positive and Voges-Proskauer negative, which differentiated them from lactose negative enterobacteria such as Hafnia alvei. Although all mixed cultures were stx negative by PCR, a new stx 2f -PCR recently reported [14] was applied to the eae positive isolates. We found one isolate from a pigeon possessing the stx 2f gene. This isolate was classified as O45, which was described as one of the three O-serogroups (O18, O45 and O128) of E. coli that possess stx 2f by Schmidt et al. [14] . Accordingly, all mixed culture stocks which had shown eae positive, were then examined by stx 2f -PCR, because Schmidt et al. reported that common stx 2 -PCR never detected the stx 2f gene [14] . Unfortunately, we could not examine the other mixed culture samples that had shown neither eae-and stx-PCR positive, because the samples had been discarded when the Stx2f was reported. The irp in the HPI was detected from 3 eae positive isolates from broilers. Although, O26 is the most common O-serogroup of E. coli strains possessing the HPI locus [7] , these three eae positive isolates were serotyped as O39. The human EPEC strains isolated from diarrheic specimens often possess EAF plasmid with bfp [5] , however, no bfp was detected from the bird samples in this study, nor was the EHEC-hlyA gene detected (Table 1) . EHEC-hlyA is a very common virulent gene in STEC strains and eae positive E. coli in Finland. More than 70% of STEC strains as well as many stx negative E. coli strains isolated from human [5] and cattle possess this gene (Unpublished data).
In conclusion, broilers, gulls and pigeons seem not to be an important source of STEC bacteria in Finland. The eae positive E. coli strains from birds cannot be regarded as important zoonotic pathogens because they did not possess either EHEC-hlyA or bfp, which are hallmarks of human pathogenic strains. Also most of the broiler isolates (9/12, O39, O74, O82 and O140) do not belong to potentially human pathogenic O-serogroups.
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